Abstract
Introduction
The purpose of this study is to find explanations for the variations that exist in the teenage conception rate and the proportion of these that are aborted between local authorities in England. In 1997-9 the teenage (15-17) conception rates varied between 15 per 1000 in Uttlesford and 86 per 1000 in Southwark. The proportion of teenage conceptions, which end in abortion, varied between 26 per cent in Derwentside and 68 per cent in Kensington and Chelsea.
Understanding the reasons for these variations may help to enable more successful policies to be developed in pursuit of the Government's strategy to halve the rate of conceptions among under 18 year olds in England by 2010, and set a firmly downward trend in the conception rates for under 16s by 2010; and to achieve a reduction in the risk of long term social exclusion for teenage parents and their children.
We know that there are variations in the prevalence of lone parent families by local authority, which are associated with and can be explained by the socio-economic characteristics of the area described by the census 123 . Some work has been done on area variations in teenage conceptions and abortions. Smith 4 used the census to group teenage pregnancy rates in his study that aimed to determine the extent to which the rate of teenage conceptions, abortions and maternities in Tayside varied in different parts of the region in relation to the prevailing socio-economic conditions.
Throughout the 11 years studied, Smith found that the rates were four to eight times higher in the most deprived postcode areas than in the most affluent. However, the socio-economic difference in the rate of abortion was much less pronounced: in the 3 most deprived areas one in four pregnancies ended in abortion compared to two in three in the most affluent areas. A study by Wood 5 used the ONS areas classification groups of District Health Authorities to look at age specific conception rates in 1993
and changes between 1983 and 1993. Slogett and Joshi 6 used the ONS longitudinal study in order to investigate the association between the level of social deprivation in electoral wards and various life events, one such event being teenage births. The unadjusted correlation between the deprivation indicators and teenage birth was steep and positive -the more deprived the area, the greater the chance of giving birth as a teenager. However, instead of merely finding the relationship between area deprivation and the various lifestyle outcomes, they also investigated how far the relationship with area deprivation (using the census indicators) actually reflected the personal or household characteristics of resident individuals. Using a simple model they found that personal household factors outweigh the area's deprivation in areas of above average deprivation, while the slope remains positive across less deprived wards. In other words, the area associations between deprivation and teenage pregnancy using a census-based indicator of area deprivation are largely, if not entirely, accounted for by the individual level measures of the same indicators.
Clements et al 7 attempted to account for the variation in the teenage conception rates and conception outcomes between health districts and census wards in the former Wessex Regional Health Authority from 1991 to 1994. This is a particularly useful study because it examines the relative importance not only of the socio-economic and demographic correlates of teenage pregnancy and its outcomes but also of different types of family planning provision. 4 The Social Exclusion Unit produced a report Teenage Pregnancy 8 that investigated the reason behind the high levels of teenage pregnancy with the view to producing an integrated strategy to cut rates of teenage parenthood. Within this report they demonstrated that the poorest areas in England have teenage conception and birth rates up to six times higher than the most affluent areas. They also found, however, that variation existed between areas that suffered from approximately equivalent deprivation. The variation in teenage conceptions could therefore not be solely due to deprivation. In addition, the report found that abortion rates are also heavily influenced by type of area -in the poorest areas, women tend to have fewer abortions and are more likely to disapprove of abortions.
Griffiths and Kirby 9 used the revised 1999 ONS classification of local authorities to examine geographic variations in conceptions to women aged under 18. They found that using the ONS classifications the variation between local authorities was much less marked than if using the countries and regions boundaries. Ingham et al 10 looked
at the factors affecting the conception rate amongst under 16s in areas, which show the highest increases and decreases over the period 1991 to 1997. They identified 20
Health Authorities in each category and collected data on these through interviews with key people, relevant documentation was scrutinized, including annual public health reports, descriptions and/or evaluation of any local initiatives and so on. It was found that those areas with decreasing conception rates were more likely than those with increasing conception rate to have established a breadth of initiatives relating to sexual health matters.
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Methods
There are four types of explanation for area variations in conceptions and abortions.
Statistical artefact
The ONS have published data on the number of teenage conceptions leading to maternity and to abortion and the female population aged 15-17 for each local authority (District) in England (and Wales) for the periods 1994-6 and 1997-9. The data (denominators and /or numerators) may be wrong or perhaps a result of small numbers they are subject to large variations from period to period. However taking three years' data should overcome the latter problem.
Social Deprivation
We know from the earlier studies outlined above that teenage conceptions are associated with low income, unemployment and other forms of social deprivation.
There is a weak negative correlation (r=-0.56) between the conception rate and the abortion rate in local authorities in England. This confirms previous research that found the higher the conception rate, the lower the proportion aborted. This suggests that deprivation may be associated with both conceptions and abortions. Alternatively it may be that in areas where teenage pregnancy is more common, there may be less pressure to end it with abortion. In this paper we build two deprivation models using data from the DETR Deprivation Index
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, which successfully explain some of the variation in the conception rate and (rather less) the abortion rate. These models are used to identify outliers -local authorities who, having controlled for variation that might be explained by the deprivation models, have either higher or lower conception and abortion rates than would be expected. There are two possible explanations for these outliers.
Socio-cultural factors
These are any characteristics of the teenagers and their environment which are independent of policy and not picked up by our deprivation models. One such not included as a variable in the DETR deprivation index is ethnicity. We obtained estimates of the ethnic mix of local authorities from an article by Haskey and Scott (2001) 12 and added it into the the explanatory model.
Policy
The hypothesis is that having checked the reliability of the data, controlled for 
Income:
The income domain is a measurement of people who are on low incomes.
The indicators in this domain are non-overlapping counts of people in families in receipt of means tested benefits.
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Child Poverty Index: This is a supplementary index, separate to income, and presents the proportion of children under 16 living in means tested benefit reliant families.
Employment:
The employment deprived are those who want to work but are unable to do so due to unemployment, sickness or disability. Obviously, lack of employment may lead to income deprivation but these are treated as separate types of deprivation.
The indicators of this domain are non-overlapping counts of those who are excluded from the labour market through unemployment, ill health or disability.
Health Deprivation and Disability:
This presents those whose quality of life is impaired by either poor health or disability, including premature death, which is the ultimate manifestation of this.
Education, Skills and Training: This is predominantly measured by lack of qualifications amongst adult and children of difference ages in a local area.
Housing: This domain identified people living in unsatisfactory housing and homelessness.
Geographical Access to Services:
This domain focused on people with low incomes (on benefits) for the first three indicators as they are more likely to be experiencing the disadvantage of lack of access to services more acutely than those on higher incomes, who are more able to afford public or private transport. The fourth indicator, access to primary schools, was measured for 5-8 year olds.
Index of Multiple Deprivation:
The above indicators reflect different aspects of deprivation and together are combined to generate the overall index of multiple deprivation. The Child Poverty Index, is not included in the overall index of Multiple Deprivation. 8 The indicators are chosen to represent the domain on the grounds that they statistically robust, up to date, available at small area level for the whole of England and they directly measure a major aspect of the dimension of deprivation. For all domains, the higher the score, the more deprived the LA.
Ethnicity
The ethnicity variable has been derived from the 1991 census (obtained from Haskey and Scott, 2001 12 ), which had the most reliable up to date data on ethnicity. Since 1991 the LA boundries have changed. When the LA no longer exists, the figure for the closest corresponding geographical area has, where possible, been
given. The higher the score, the higher the concentration of ethnic minorities.
Results

Conceptions
There is a clear relationship between the conception rate and each of the domains. The correlations are as follows
• low employment (r=0.75);
• poor health (r=0.76);
• poor education (r=0.78);
• poor housing (r=0.60);
• child poverty (r=0.84)
• or a high ethnic minority population (r=0.35)
indicating that areas with these characteristics all tend to have higher conception rates.
In contrast, areas with poor geographical access to services (r =-0.64) (ie. with higher scores) tend to have lower conception rates. This result is likely to be because of an association between lack of access to services and rurality, and rural areas have lower conceptions not because they have poor access but because of other factors associated with rural areas. There is a strong positive correlation between the multiple deprivation (average ward score) (r= 0.82) and the conception rate.
In order to explain the variation in the teenage conception rate, we built explanatory models, selecting the one that maximises the proportion of variation in the dependent variables explained by using R squared. Table 1 shows the models for a multiple regression to explain the variation in the teenage conception rate. All variables were entered stepwise, with a 'probability in' value of 0.05. The first model with only the child poverty score explains 70 per cent of the variation in the teenage conception rate. This increases to 73 per cent after adding education (model 2) and to 77 per cent after adding access, health and employment. Adding the housing score, ethnicity score and income score variables did not produce a significantly better explanation for the variation in the teenage conception rate. Our most parismonious model is model 2 because this does not include access, and the problems associated with the interpretation of this variable, and employment, which shows signs of multicollinearity. Since our most parsimonious model (model 2) explains only 73% of the variance, there are other 10 factors that partially explain the variation in teenage conception rate that have not been taken into account in our explanatory models.
Insert Table 1 about here   Table A1 gives the results for the period 1994-6. In this period, the most parsimonious model (model 2) explains 77% of the variance compared to 73% in the later period. In other words, in the later period, a higher proportion of the variation in the teenage conception rate can be explained by other factors, such as policy, than in the earlier period. Table 2 shows the outlying local authorities that have conception rates that are most different (outside 2.18 standard deviations) from those predicted by our models for the period 1997-9. Table A2 shows the results for 1994-6. Tower Hamlets, Hart, Knowsley and Liverpool appear as low outliers in both periods. Wear Valley, Crewe and Nantwich, Southwark, Wandsworth and Lambeth appear as high outliers in both periods.
Insert Table 2 about here
Using model 2, Table 3 Hart would have appeared in the bottom twenty.
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Insert Table 3 about here   Table 4 shows the model for a hierachical regression to test whether out best model Insert Table 4 and Chart 1 about here
Abortions
Next, we explored the relationship between the abortion rate and the six deprivation indicators. Thus areas with
• higher levels of low income (r=-0.53)
• unemployment (r=-0.52)
• high levels of poor health (r=-0.61);
• poor education (r=-0.55);
• poor housing (r=-0.15);
• and child poverty (r=-0.55) all tend to have lower abortion rates. Areas with poor geographical access to services however, tend to have higher abortion rates (0.14). Also, areas with a high proportion of ethnic minorities tend to have higher abortion rates (0.14). There is a negative correlation between level of multiple deprivation and teenage abortion rates (r=-0.57).
Next, we created a model to explain the variation in the teenage abortion rate in Table   5 . As with the model created to explain the variation in the teenage conception rate, all variables were entered stepwise, with a 'probability in' value of 0.05. Adding the access and housing score did not produce a significantly better explanation for the variation in the teenage abortion rate and were therefore excluded from the models.
Insert Table 5 about here
Model 4 that includes the health, ethnicity, education and child poverty score is our most parismonious model since it does not include employment, which shows signs of multicollinearity. It explains 49% of the variation in the teenage abortion rate, compared to our first model that explained 38% of the variance. Since our most parsimonious model (model 4) only explains 49% of the variance, there are other factors that partially explain the variation in teenage abortion rate that have not been taken into account in our explanatory model. Table A3 gives the same results for the 1994-6 period. Our most parismonious model in this period (model 3) explains 53% of the variance in teenage abortion rates compared to 49% in the later period. As with the conception rate, this suggests that more of the variance in the later period can be explained by other factors, such as policy. Table 6 gives the outlying local authorities with teenage abortion rates in the 1997-1999 that are most different from those predicted by our model (with standardised residuals outside 2.18 standard deviations). Table A4 gives the same results for the 1994-1996 period. None of the areas appear as low outliers in both periods. East Dorset, Islington and Castle Point, are high outliers in both periods.
Insert Table 6 about here
Using model 4, Table 7 lists the high and low outlier local authorities with their abortion rates and the ranking they would have had if we had not controlled for deprivation. West Somerset and East Dorset would have appeared as one of the top five high outliers before controlling for deprivation and none would have appeared in the bottom five low outliers. Table 8 shows the model for a hierachical regression to test whether out best model (model 3) in the earlier period predicts the change in abortion rates in the later period.
Insert table 7 about here
The first model, which controls for the earlier time only, shows that 67 per cent of the abortion rate in the later period is predicted by the abortion rate in the earlier period . Clearly other factors not included in our models are also contributing to variations, and this is more the case in the later period. They may be socio-economic factors not covered by the deprivation index. For example religious beliefs, concentrations of young men in army camps are the kind of factors that might be expected to contribute.
Having taken account of socio-economic factors the most likely explanations are to be found in variations in services. The residual variation in the conception rate may be a function of sex education and /or the accessibility of contraceptive advice. The variation in the abortion rate may be a function of the accessibility of abortion services at a local level. We wrote to some of the Directors of Public Health pointing out that one of their districts had been identified as an outlier and we would be interested to learn whether there was anything in the character of that area or the services provided that might represent an explanation for this.
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Their replies contained some interesting comments. The names of the Districts are not given on the grounds that we assured the Directors of Public Health that they would not be quoted.
Low teenage conceptions:
• "Very supportive school health service. Both SMO and School nurse provide emergency contraception outside clinic hours. However, teenage conception rates mask the true picture of health related behaviour. Recent findings revealed that within a year 22 per cent of 14-15 year olds receive at least one prescription of high dose oestrogen. Students are informed of the availability of family planning services via PSHE lessons in school which are facilitated by School Health Staff.
Excellent, well used local Youth Drop-In which gves information to young people about sexual health services."
• "Well established dedicated young people's sexual health service which is an innovative mix of family planning, GU and outreach services with a team of youth development workers working in schools, colleges and other community settings, in close collaboration with our health promotion team. Comparatively large orthodox Jewish Community (10% of births). Whilst births in this group are often of an earlier median age than some other groups, premarital and under 16 conceptions are rare."
• "One of the most affluent districts in England. Under-reporting and/or chance and /or statistical artefact -small numbers".
High teenage conceptions:
16
• "Very few 'Young Persons' family planning clinics. Young people do not have access services available. School nursing staff in very short supply -only one at present covering the area and she is not family planning trained. No SMO.
Cultural attitudes -"Men are men" and women know their places leading to an acceptance amongst young women of behaviour practices. 3 rd generation of teenage parents which indicates an accepatance of teenage parenthood."
• "District split between two Health Authorities. Mixed deprivation within District.
Small numbers. Resources including resources to tackle teenage pregnancy have gone to areas with even higher conception rates and worse deprivation."
Low abortion rate
• "Difficulty in obtaining information on how to obtain a NHS abortion. There is a branch of 'Life' there. We are developing a strategy for teenage pregnancy and parenthood which should include further investigation by the Primary Care Trust of the reasons for this phenomenon."
High abortion rate
• "The high number reflects the amount of young women originating from outside
x, but living at the holiday camp."
• "This may be partly because a British Pregnacy Advisory Services Termination
Clinic is situated in x. x is very rural and quite islolated with poor transport links. There is a pocket of significant deprivation within an otherwise fairly affluent area. There is an army camp at x."
• "Based on very small numbers and more recent figures show very low abortion rate. X is a rural area with small towns with high unemployment although the whole area fairly affluent. One ward has high deprivation and most conceptions.
The teenage pregnancy strategy is targetting that ward."
Clearly more detailed reseach on the ground is required to obtain a better understanding of how and why local areas manage to buck the characteristics of their own population. However this kind of analysis can be a powerful tool for identifying areas that are doing things well and areas that are doing things badly -given their circumstances. The full list of local authorities with their standardised residuals can be provided by emailing nlf1@york.ac.uk.
Insert Table A1 and Table A2 about here 
